The response of kainate receptors to deafferentation and subsequent reinnervation following unilateral entorhinal cortex lesions was studied in the rat hippocampus using quantitative in vitro autoradiography. The binding levels of [3H]kainic acid (KA) and changes in the distribution of KA sites were investigated in the dentate gyrus molecular layer (ML) and in various terminal zones in the CA1 field at 1, 3, 7, 14, 21, 30 , and 60 d postlesion.
The data from both the ipsilateral and contralateral hippocampus were compared with those from unoperated controls. The first changes in KA receptor distribution were observed 2 1 d postlesion when the dense band of KA receptors occupying the inner one-third of the ML expanded into the denervated outer two-thirds of the ipsilateral ML. The spreading of the KA receptor field into previously unoccupied zones continued 30 and 60 d postlesion. At these time points, the zone enriched in [3H]KA binding sites became significantly (on average 50%) wider than in unoperated controls. No changes were observed in either the distribution or binding levels in other hippocampal areas or in the contralateral hippocampus at any studied time point. Saturation analysis of binding in the ipsilateral ML 60 d postlesion revealed changes in the maximum number of receptor sites (B,,,,,) without changes in KA receptor affinity (K.) . The data suggest that the elevation of the [3H]KA binding in the outer two-thirds of the ML reflects an increase in the number of both low and high affinity receptor binding sites.
The pattern of KA receptor redistribution was similar to the well-characterized pattern of sprouting of commissurall associational systems from the inner one-third into the outer two-thirds of the ML after entorhinal lesions (Zimmer, 1973; Lynch et al., 1975) . This supports the hypothesis (Geddes et al., 1965) that the KA receptor response observed in the present study reflects postlesion reorganization of inputs within the denervated ML and may be relevant to functional recovery of the damaged circuits.
Kainic acid (KA) is an excitatory and neurotoxic analog of glutamate (Olney et al., 1974) which appears to bind to a distinct class of excitatory amino acid (EAA) receptors in the CNS of rat and other species (Henke et al., 1981; Unnerstall and Wamsley, 1983; Monaghan et al., 1985) , including humans (Geddes et al., 1985; Tremblay et al., 1985; Cowburn et al., 1989) . KA binding sites are enriched in synaptic junctions (Foster et al., 1981) and there is a relatively good correlation between the density of these receptors and susceptibility of neurons to the toxic effects of KA (see references in Coyle, 1983) . In the hippocampus, KA receptors are distributed heterogeneously. Autoradiographic binding studies using [3H]KA as a ligand reveal the highest concentration of binding sites in the terminal field of mossy fibers (stratum lucidum of CA3) and the inner one-third ofthe dentate gyrus molecular layer (ML). Other hippocampal areas exhibit moderate and low levels of receptor density (Foster et al., 198 1; .
Lesions of the entorhinal cortex, which destroy the glutamateusing excitatory projection to the hippocampus (White et al., 1977; Cotman and Nadler, 198 1; Fonnum, 1984) , remove about 90% of the synapses in the outer two-thirds of the ML (Hoff et al., 1982b; Steward and Vinsant, 1983) . The damage to the entorhinal input is known to trigger complex sprouting responses in the denervated ML of the dentate gyrus from several different surviving afferent systems (for review, see Cotman and Nadler, 1978) . For example, the commissural and associational (C/A) system which normally terminates in the inner one-third of the ML penetrates into the outer two-thirds of the ML after a unilateral lesion of the entorhinal cortex (Zimmer, 1973; Lynch et al., 1976) .
It seems quite possible that the postinjury anatomical reorganization of inputs and functional stabilization are accompanied by changes in EAA receptors. Our previous study (Ulas et al., 1990) has shown that NMDA and quisqualate receptors exhibit plastic responses to entorhinal lesions. No systematic investigations, however, have been performed that fully elucidate the response of kainate receptors to deafferentation and reinnervation. An initial study by Geddes and colleagues (1985) showed that the reorganization of inputs in rat hippocampus following a lesion of the entorhinal cortex may be accompanied by expansion of the dense KA binding zone in the inner onethird of the ML into the outer % of the ML. Similar changes in KA receptor distribution have been observed in human hippocampi obtained from Alzheimer's patients (Geddes et al., 1985; Geddes and Cotman, 1986) in which severe neuronal degeneration and cell loss in the entorhinal cortex are common (Hyman et al., 1986) . These findings support earlier suggestions that an animal entorhinal lesion paradigm is a promising model in the search for mechanisms underlying the changes observed in Alzheimer's disease.
The present quantitative autoradiographic study examined changes in KA receptor binding in the ML of the rat dentate gyrus following unilateral lesions of the entorhinal cortex. The time course of receptor changes was analyzed separately in the outer two-thirds and inner one-third of the ML to correlate the response of KA receptors with postlesion sprouting and synaptic reorganization within the ML. Several reasons, including the existence of a small projection from the entorhinal cortex to the contralateral hippocampus (Goldowitz et al., 1975; Zimmer and Hjorth-Simonsen, 1975) , pronounced synapse turnover in the contralateral dentate gyrus after unilateral entorhinal lesions (Hoff et al., 198 l) , and contralateral responses to entorhinal lesions of NMDA receptors (Ulas et al., 1990) , prompted our study of both the ipsilateral and the contralateral hippocampus.
(2-tailed) or 1 -way analysis of variance (ANOVA). When ANOVA was applied, differences between individual groups were examined using Scheffe F-test.
Results pH]KA binding in normal hippocampus Hippocampal [3H]KA binding sites were primarily concentrated in 2 laminae: the inner one-third of the ML-the C/A terminal field (dorsal blade of the dentate gyrus: 0.746 f 0.065 pmoll mg protein; ventral blade of the dentate gyrus: 0.794 + 0.068, mean f SEM), and the stratum lucidum (1.992 f 0.153 pmol/ mg protein). This finding is in agreement with our previous studies . The binding levels in other hippocampal areas were significantly lower: stratum radiatum of CA1 (0.223 -t 0.078 pmol/mg protein), stratum oriens of CA1 (0.237 & 0.079 pmol/mg protein), and the outer two-thirds of the ML-the terminal field of input from the entorhinal cortex (dorsal blade: 0.283 -t 0.07 1 pmol/mg protein, ventral blade: 0.355 f 0.070). The [)H]KA binding in the venMaterials and Methods tral blade was consistently higher than that in the dorsal blade.
Surgery. Male Sprague-Dawley rats (250-320 gm) were used in this fo&ed as previously deschbed (Scheffet al., 1980) and rats were allowed studv. Unilateral electrolvtic lesions of the entorhinal cortex were nerand contralateral hiuuocamuus
Time course of changes in fH]kYA binding in the ipsilateral to survive-for 1 (n = 3), 3 (n ='3), 7 (n = 4), 14 (n = 3), 21 (n = 3), 30 . .
(n = 3), or 60 (n = 7) days after surgery. A control group of unoperated
There was no statistically significant change in the level of [3H]KA animals with the same number of subiects was included at each time binding in either the ipsilateral or contralateral hippocampus point. Rats were killed by decapitation and the brains were removed rapidly, frozen in powdered dry ice, and stored at -70°C until used. Lesion placement was verified by visual inspection and acetylcholinesterase histochemistry (Naik, 1963) . Autoradiography. Six-micrometer coronal brain sections were cut in a cryostat and thaw-mounted onto gelatin-subbed microscope slides. The tissue sections were stored at -20°C overnight. Binding to KA sites was performed according to the previously published method (Geddes and Cotman, 1986) . Sections were preincubated at 30°C for 10 min in 50 mM Tris-citrate buffer, pH 7.0, to remove endogenous glutamate, aspartate, and ions. This was followed by incubation with 50 nM [3H]KA (60 Ci/mmol, NEN, Boston, MA) for 30 min at 0°C. Saturation analysis of ['H]KA binding was performed using 10 different ligand concentrations, ranging between 0.9 and 400 no, in the presence or absence of 10 mM Ca-acetate to assess KA receptor high and low affinity binding sites. Nonspecific binding was determined with 100 PM KA present in the incubation mixture. Incubation was terminated by rinsing sections in a series of 4 coplin jars containing ice-cold buffer for a total of 28 sec. The sections were then dried by a stream of air and placed in X-ray cassettes against tritium-sensitive film (3H-Hyperfilm, Amersham, Arlington, IL) along with )H-standards (Amersham, Arlington, IL) for 4 weeks at 4°C.
Quantitative analysis of autoradiograms was performed using a MCID image analyzer (Imaging Research, St. Catherines, Ontario, Canada) . For each hippocampal region investigated, measurements were taken throughout the entire extent of the layer to ensure a representative sample. At least 6 readings per single brain section were made for each region studied. The binding data for the ML of the dentate gyrus (the outer two-thirds and inner one-third of the ML) represent values obtained from direct measurements ofbinding levels in these areas without correction of binding values for shrinkage of the ML evoked by entorhinal lesions. For each individual animal, measurements from 3 brain sections were analyzed to obtain a mean value. Measurements from the in the first 21 d after unilateral lesions of the entorhinal cortex (Figs. 1 and 2, data for stratum oriens and stratum radiatum are not shown). Thirty days after the lesion, however, a significant increase in [3H]KA binding was observed in the outer twothirds of the ML in both the dorsal and ventral blade of the ipsilateral dentate gyrus, where binding levels reached 133% (p = 0.05) and 154% @ < 0.05) of control levels, respectively. Slightly elevated binding levels (112% of control, not significant statistically) were also detected in the inner one-third of the ML of the ventral blade (Fig. 2) . No changes in binding were found at this time point in the ipsilateral stratum oriens (94 -t 6% of control, mean f SEM), stratum radiatum (94 k 4%), stratum lucidum (99 + 3%), or in any of the investigated areas in the contralateral hippocampus. The increase in [3H]KA binding was even more striking 60 d postlesion ( Figs. 1 and 2 ). The binding in the dorsal blade of the ipsilateral dentate gyrus reached 147% of control (p < 0.001) in the outer two-thirds of the ML and 116% (p < 0.001) in the inner one-third of the ML, and in the ventral blade, 174% (p < 0.001) in the outer two-thirds of the ML and 119% (p < 0.001) in the inner one-third of the ML. Binding in other areas of ipsilateral hippocampus did not differ from control levels and was 97 * 2% in stratum oriens, 95 f 3% in stratum radiatum, and 100 + 3% in stratum lucidum. Similarly, no significant binding changes were found in the contralateral hippocampus at 60 d postlesion (dorsal blade: outer two-thirds of the ML, 114 + 5%; inner one-third of the ML, 105 f 2%; ventral blade: outer two-thirds of the ML, 110 f ipsilateral and contralateral hippocampus were always compared with 4%; inner one-third of the ML, 105 f 2%; stratum lucidum, those from sections of hippocampi of unoperated, control rats placed on the same microscope slides. Analysis of saturation binding data was 100 f 4%; stratum oriens, 104 f 2%; stratum radiatum, 96 * performed using the computer program EBDA/LIGAND (McPherson, 7%).
1985).
To detect the relative difference between the effect of the lesion
The changes in distribution profile of the [3H]KA binding sites within on the operated and unoperated side, the ratio of [3H]KA bindthe dentate gyrus ML were also analyzed. The receptor density in a given area was plotted as a function of distance from the granule cell ing levels in the ipsilateral vs contralateral hippocampus was layer. Measurements were taken from 2 different regions of the dorsal calculated ( Fig. 3) . The biggest differences in binding levels were blade dentate gyrus ML and 1 region of the ventral blade ML (see legend found for the outer two-thirds of the ML in the ventral blade to Fig. 4) .
30d ( (Fig. 4) . Binding density profiles in unoperated control rats were compared with those observed in lesioned animals.
One day after a unilateral entorhinal lesion the distribution profile of [3H]KA binding sites in the ipsilateral dentate gyrus ML was similar to the pattern of binding in the contralateral ML ( Fig. 5 ) and in the dentate gyrus ML from unoperated con- trols (data not shown). At this time, the density was highest in the inner one-third of the ML of the dorsal and ventral blade.
The first changes in the distribution profiles were observed at 2 1 d postlesion when the layer enriched in KA receptor binding becomes 1542% wider than that of the unoperated control and the contralateral hippocampus (Table 1) . Thirty to sixty days postlesion the layer enriched in KA binding sites becomes even wider (40-80%), an indication of the expansion of the KA receptor-rich zone from the inner one-third into the denervated outer two-thirds of the ML (compare Figs. 6 and 7 with the data in Table 1 ). Similar effects of lesions were observed in each of the 3 portions of the ML sampled. However, the increase in the width of the layer with high level of binding appeared larger in the ventral blade (Fig. 6c, Table 1 ). No changes in the distribution of receptor binding were seen in the contralateral dentate gyrus at any time point (Table 1) . Days Postlesion affinity sites. Therefore, this strategy provides an alternate means of differentiating the high and low affinity KA binding sites.
Saturation binding in unoperated controls
Because of the limited resolution of the autoradiograms representing binding at the lowest concentrations (0.9-2.0 nM) of radioligand used (binding was in the range of background) only the 8 highest radioligand concentrations from the initial 10 concentrations were used for evaluation of kinetic parameters of the binding in the absence of Ca2+ and 7 concentrations for binding in the presence of Ca*+. In the ML of unoperated controls, binding with [3H]KA at a concentration of 50 nM revealed a 25% decrease in the binding level in the presence of Ca2+. The percentage of inhibition was uniform across the ML. Binding in the stratum lucidum was inhibited by about 34%. At the highest concentration of [3H]KA used (400 nM), the inhibition of binding was about 22% for the outer y of the ML, 17% for the inner % of the ML, and 16% for stratum lucidum. This indicates that high affinity KA binding sites constitute a relatively small population of KA receptors in the ML.
In the absence of Ca2+, the specific binding of [3H]KA in sections taken from unoperated controls saturated with increasing concentrations of radioligand (2-400 nM). The Scatchard plot was occasionally slightly curvilinear, suggesting the presence of 2 different populations of binding sites with high and low affinity for [3H]KA. In spite of this, the nonlinear computer Distance (pm) Figure 5 . Representative computer-generated pH]KA binding density profiles in 3 different areas of the dentate gyrus ML of the ipsilateral and contralateral hippocampus 1 d after unilateral entorhinal cortex lesions. The positions of the scanned areas are as those marked in Figure  4A as a, b, and c. Binding density profiles for the ipsilateral hippocampus (+) were superimposed on profiles obtained for the same region of the contralateral hippocampus (0). Note the very similar pattern of distribution and density of receptors in the ipsilateral and contralateral hippocampus. G marks the position of the granule cell layer.
analysis of binding did not consistently fit a a-site model, probably owing to the difficulty in obtaining useful quantitative autoradiographic ligand binding values at very low ligand concentrations. Therefore, a single-site model has been chosen for analysis of the data. Using this model, the apparent dissociation constant (K,) for KA receptors in the dentate gyrus ML was 8-15 nM ( Other explanations as in Figure 5 . Compare data in Table 1 .
The maximal binding site density (B,,,) was 0.299 pmol/mg protein for the outer two-thirds of the ML of the dorsal blade and 0.883 pmol/mg protein for the inner one-third of the ML of the dorsal blade, and 0.450 and 0.995 pmol/mg protein for the outer two-thirds and inner one-third of the ML ofthe ventral blade, respectively ( 
Saturation binding in lesioned animals
Sixty days after entorhinal lesions, evaluation of binding parameters for the ipsilateral and contralateral hippocampus in the absence of Ca2+ showed no significant changes in Kd for the mixed population of the high and low affinity KA binding sites. The observed changes in the binding in the ipsilateral ML corresponded to a change in receptor density (Table 2 , Fig. 8A ). The B,,, values for the ipsilateral outer two-thirds of the ML of the dorsal and ventral blade significantly increased, reaching 146% 0, < 0.00 1) and 199% (p < 0.00 1) of unoperated controls, respectively. A small increase in the density of KA receptors was also found in the inner one-third of the ML of the ventral blade (111% of control, p < 0.05). No changes in B,,, were observed in any of the areas examined in the contralateral hippocampus (Table 2) .
Binding in the presence of CaZ+ (Table 3 , Fig. 8B ) also revealed an increase in B,,, of low affinity KA binding sites in the outer two-thirds of the ML of the ipsilateral hippocampus. Table 3 with data in Figs. 1 and 2) . No significant changes in the density of low affinity binding sites were observed in the inner % of the ML of the dorsal and ventral blade of either the ipsilateral or contralateral dentate gyrus or in the outer twothirds of the ML of the contralateral hippocampus as compared to unoperated controls (Table 3) .
To determine if high affinity KA sites are also altered at 60 d postlesion, the amount of binding that is reduced by the presence of Ca*+ was calculated in the ML of the ipsilateral and control hippocampus (Fig. 9) . Similar to the low affinity binding sites (Ca*+ -insensitive), whose density was significantly elevated in the outer two-thirds of the ML (150% of control in the dorsal blade and 182% of control in the ventral blade, p < 0.01) binding to the high affinity sites also increased significantly and reached 216% of control in the dorsal blade (JJ < 0.05) and 263% of control in the ventral blade (p < 0.05). Elevated levels of binding to the high affinity component were also observed in the inner one-third of the ipsilateral ML (156% of control in the dorsal blade and 150% of control in the ventral blade), although these values did not reach statistical significance. The Seven different radioligand concentrations (4400 nM) were used and computer analysis of binding data was performed. Kd, the apparent dissociation constant (nM), and B,,., maximal number of binding sites (pmol/mg protein). Values are given as means f SEM. * p c 0.05; ** p < 0.00 1 vs. control (Student's f-test, 2-tailed). Other explanations as in legend of Table 2 . data suggest that the increase in the binding levels at later postlesion times probably reflects the increase in the density of low as well as high affinity binding sites.
Discussion
The present paper analyzes the response of hippocampal kainate receptors to deafferentation and subsequent reinnervation of the dentate gyrus ML following unilateral lesions of the entorhinal cortex. The data suggest that the observed dynamics of changes in the density of [3H]KA binding sites may relate to postlesion changes in the innervation pattern of the denervated ML.
The specific neuronal cell types in the dentate gyrus on which KA receptors are localized have not yet been identified. The lack of early changes in KA binding sites in the outer two-thirds of the ML after entorhinal ablation suggests (1) that KA receptors are not presynaptically localized on entorhinal fiber terminals, and (2) that they may be postsynaptically located. This hypothesis is consistent with the observation that destruction of the dentate gyrus granule cells by colchicine eliminates the band of KA binding sites in the dentate gyms ML . The observation that KA sites in the outer two-thirds of the ML do not decrease in density following entorhinal lesions also suggests that these receptors are not located postsynaptically in the entorhinal terminal synapse. Soon after entorhinal cortical ablation, there is a loss of the postsynaptic density structure (Hoff et al., 1982a) , and this appears to be associated with a loss of receptors within the postsynaptic density (e.g., cholinergic muscarinic, NMDA and quisqualate receptors) Ulas et al., 1990) .
It is possible that KA binding sites of the inner one-third of the ML are localized postsynaptically since they are only lost when granule cells are removed and not when the cells in the CA4 hilus are removed . However, the precise localization of KA receptors will require further experiments with different methods such as immunohistochemistry. Although it is also possible that some of the changes in KA binding may be due to KA receptor sites located on glial cells (Backus et al., 1989) , this possibility seems unlikely since: (1) it has not been possible to show [3H]KA binding sites on glial cells (Bridges et al., 1987) , (2) the distribution of KA binding sites in the dentate gyrus ML does not correspond to the distribution of glial cells (Rose et al., 1976; Gage et al., 1988) , and (3) the time course and pattern of changes in KA binding sites, observed in the present study, do not correlate to the time course and pattern of glial responses following removal of the entorhinal projections to the ML (Rose et al., 1976; Vijayan and Cotman, 1983; Gage et al., 1988 ).
Independent of their cellular localization, KA sites of the inner one-third of the ML are spatially associated with this discrete synaptic zone. Following the reorganization and expansion of this zone, KA binding sites respond to maintain their association with it. Specifically, after damage to the entorhinal cortex, the fibers of the C/A pathway expand their terminal field from the inner one-third into the denervated outer two-thirds of the ML, invading territory normally innervated by entorhinal projections (Zimmer, 1973; Lynch et al., 1975) . The commissural and associational systems spread out to almost the same degree, i.e., to about 140% of the normal width (Lynch et al., 1973 (Lynch et al., , 1976 . The degree of expansion of C/A fibers correlates with the degree of expansion of the layer enriched in KA binding sites from the inner one-third into the outer two-thirds of the dentate gyrus ML 30-60 d postlesion (see Table 1 ). The similarity in the response of the reinnervating fibers and KA receptors speaks in favor of the hypothesis that changes in the distribution of KA receptors after entorhinal lesions reflect mostly anatomical reorganization of the denervated dentate gyrus. Comparison between the time course of the expansion of C/A afferents (Lynch et al., 1977) and the increase in the [3H]KA binding levels indicates that redistribution of C/A afferents precedes the changes in receptors by about 2-3 weeks. The increase in KA receptor binding correlates with the time course of the postlesion changes in the density of presynaptic terminals and synaptic densities (Steward and Vinsant, 1983) , suggesting that the formation of new synapses in the denervated zone, and perhaps their subsequent stabilization, may be necessary for the expression of KA receptors.
Dynamic changes in the distribution profile of KA receptors were confirmed by direct measurement of [3H]KA binding levels in the inner one-third and outer two-thirds of the ML. These measurements revealed, at 30-60 d postlesion, a statistically significant elevation (30-70%) in the binding levels in the outer two-thirds of the ML, in both the dorsal and ventral blade of the ipsilateral dentate gyrus. No such changes were observed in the contralateral hippocampus. Since the ipsilateral dentate gy-NS ML shrinks on average about 15-20% (Lynch et al., 1976) after entorhinal lesions, especially at later postoperative times, our values might be somewhat overestimated. However, because our measurements were taken from the entire outer twothirds of the ML, whereas C/A fibers sprout into the denervated zone after entorhinal lesions and occupy only the inner one-half of the outer two-thirds of the ML, the changes in the binding levels we observed are probably underestimated.
Sixty days postlesion a small (16-19%) but significant increase in the KA binding level was found in the directly non- denervated inner one-third of the ML (Fig. 2) . This effect may be a reflection of the expansion of this layer. As seen in Figure  6 , a careful laminar-density analysis indicates that the zone rich in KA sites appears as a broader peak 60 d postlesion. Thus, values taken from the outer portions of the inner one-third of the ML would be higher because of the widening of the peak. The observed increases in the [)H]KA binding levels do not represent an increase in KA receptor affinity, but rather reflect changes in the actual density of receptors. The results from saturation binding analysis indicate a change in B,,, but not in Kd. KA binding in the absence of calcium-acetate, however, represents binding to a mixed population of high and low affinity KA sites which were not possible to resolve (because of the difficulty in obtaining accurate density measurements at low ligand concentrations with this technique).
To further identify the specific KA receptor changes, KA binding affinity and density were also determined in the presence of calcium-acetate. Binding in the presence of Ca2+ revealed only one population of KA receptor sites with a Kd of 20-30 nM. This Kd was about 2-3 times higher than the Kd of 8-15 nM for the mixed population of binding sites detectable in the absence of Ca*+. This result agrees with previous reports (Honor6 et al., 1986; Monaghan et al., 1986) which showed that Ca2+ selectively inhibits [3H]KA binding to the high affinity receptor sites. The K,, value for low affinity IQ4 binding sites was similar to that estimated for low affinity binding sites in membrane preparation from rat brain (Monaghan et al., 1986) . The analysis of KA binding data indicates that there is an increase in the number of low affinity KA binding sites, but no change in their affinity, in the outer two-thirds of the ipsilateral ML at 60 d postlesion.
A measure of binding to the high affinity KA receptor component is the difference between the total binding (in the absence of Caz+) and binding in the presence of CaZ+ (Monaghan et al., 1986) . When such calculations were made for binding (using 50 nM [)H]KA) in the ML at 60 d postlesion, an increase in the level of binding to the population of the high affinity sites was found. This increase was observed in the outer two-thirds of the ipsilateral ML. A strong tendency toward an increase in the binding was also observed in the inner one-third ofthe ipsilateral hippocampus. Since saturation analysis showed a lack of shift in the Kd of both the low affinity and mixed population of binding sites after the lesion, one can suggest that the increase in high affinity receptor binding reflects an increase in the number of these sites.
The observation of lesion-induced increases in high affinity binding in both the inner one-third and outer two-thirds of the ML, while low affinity sites show a preferential increase in the outer two-thirds of the ML (Fig. 9) suggests the possibility of differential regulation of the high and low affinity KA binding sites. With the recent isolation of a cDNA clone that encodes the KA receptor (Hollmann et al., 1989) , it should now be possible to examine lesion-induced changes in KA receptor mRNA. Furthermore, if the high and low affinity ISA binding sites correspond to distinct receptor isoforms, it should be possible to examine their differential regulation in response to deafferentation and reactive sprouting.
The pattern of changes in hippocampal KA receptors following the loss of the entorhinal input differs from the time course of responses reported for NMDA and quisqualate receptors in the same experimental model (Ulas et al., 1990) . The distinct responses of the various EAA receptors are evident especially during the early postlesion days: at this time point the binding levels of KA receptors in the deafferented ML on the operated side remain unchanged, whereas binding levels of quisqualate (and to a lesser degree, NMDA) receptors are diminished. Thirty to sixty days postlesion the KA, NMDA, and quisqualate receptors respond in a more uniform pattern. Elevated KA receptor levels in the ipsilateral ML are similar to those found for NMDA receptors in the outer two-thirds of the ipsilateral dentate gyrus ML, increases in the binding to quisqualate receptors are of smaller magnitude. Similar to quisqualate receptor binding, but in contrast to that of NMDA, changes in KA receptor binding are found only in the ipsilateral ML. This implies that although related to the same neurotransmitter(s), the EAA receptors in the ML of the hippocampus are differentially regulated in response to the loss of the entorhinal projection and to the subsequent circuit reorganization. This probably reflects the different roles they play in the physiology of the hippocampus.
Changes in the distribution profile of KA receptors observed in the ML of rat hippocampus at late time points after entorhinal lesions are similar to the changes in the distribution profile of KA receptors in the ML of Alzheimer's brain (Geddes et al., 1985; Geddes and Cotman, 1986 ). This is not surprising considering that in Alzheimer's disease the connections between the entorhinal cortex and the dentate gyrus are seriously damaged as a result of profound pathology of cells in the entorhinal area (Hyman et al., 1986) . Although other studies (Cowbum et al., 1989 ) using membrane preparations from hippocampi of Alzheimer's brain failed to show changes in the number of KA receptors, this observation may be a consequence of using membranes prepared from the whole hippocampus instead of only from discrete layers of the dentate gyrus. It is interesting, however, that an increased density of KA receptors in the ML of the dentate gyrus has been found also in kindled rodents (Re-Kainate Receptors after Entorhinal Lesi on presa et al., 1989a) and in both temporal lobe (Geddes et al., 1990) and childhood epilepsy (Represa et al., 1989b) Rose G, Gall C, Cotman CW (1975) The response of the dentate gyrus to partial deafferentation. In: The Golgi Centennial Symposium (Santini R, ed), pp 303-3 17. New York: Raven. Lynch G, Gall C, Rose G, Cotman C (1976) Changes in the distribution of the dentate gyrus associational system following unilateral or bilateral entorhinal lesions in the adult rat. Brain Res 11057-7 1.
